Large Exchange Bias and High Blocking Temperature of MgO-Barrier-MTJs with L1#D2#DR-Ordered Mn#D3#DRIr by 角田  匡清
Large Exchange Bias and High Blocking
Temperature of MgO-Barrier-MTJs with
L1#D2#DR-Ordered Mn#D3#DRIr
著者 角田  匡清
journal or
publication title
IEEE transactions on magnetics
volume 43
number 8
page range 3535-3537
year 2007
URL http://hdl.handle.net/10097/35039
doi: 10.1109/TMAG.2007.893695
IEEE TRANSACTIONS ON MAGNETICS, VOL. 43, NO. 8, AUGUST 2007 3535
Large Exchange Bias and High Blocking Temperature
of MgO-Barrier-MTJs With L12-Ordered Mn3Ir
Koujiro Komagaki1, Kouji Yamada1, Kenji Noma1, Hitoshi Kanai1, Kazuo Kobayashi1, Yuji Uehara1,
Masakiyo Tsunoda2, and Migaku Takahashi2
Advanced Head Technology Development Department, Fujitsu Ltd., Nagano 381-8579, Japan
Department of Electronic Engineering, Tohoku University, Sendai 980-8579, Japan
We examined the magnetic properties of CoFeB/MgO/CoFeB based magnetic tunnel junctions (MTJs) with L1 2(ordered)-Mn3Ir or
(disordered)-Mn75Ir25 as an antiferromagnetic (AFM) layer. Both of them showed tunnel magnetoresistance (TMR) ratio of about
160% after 350 C annealing. The exchange bias field ( ex) of the MTJs with L12-Mn3Ir is significantly larger than that with -MnIr.
The blocking temperature ( B) of the MTJ film with L12-Mn3Ir is about 50 C higher than that with -MnIr. These results prove that
L12-Mn3Ir is a great candidate as AFM in MgO-barrier-MTJs and makes them improve in exchange bias properties.
Index Terms—Blocking temperature, exchange bias, L12(ordered)-Mn3Ir, MgO barrier, tunnel junction, tunnel magnetoresistance.
I. INTRODUCTION
I N order to achieve high areal density in hard disk drives(HDDs), a read sensor element should be made smaller and
thinner. However, the decreasing element dimensions cause
a decline of exchange bias properties, because of a large de-
magnetizing field of pinned layer magnetization and lowering
blocking temperature with thinning antiferromagnetic
(AFM) layer. Meanwhile, high temperature annealing for MgO
barrier based magnetic tunnel junctions (MTJs), needed to
induce giant tunnel magnetoresistance (TMR) ratio [1]–[3],
also degrades exchange bias through interdiffusion. The giant
exchange anisotropy [4] and high annealing tolerance [5],
reported in L1 (ordered)-Mn Ir/CoFe bilayers, are promising
features to overcome these difficulties. In this paper, we inves-
tigated the magnetic properties of CoFeB/MgO/CoFeB-MTJs
with L1 -Mn Ir or (disordered)-Mn Ir as an AFM layer.
We show that the exchange bias field of MTJs with
L1 -Mn Ir is much larger than that with -Mn Ir while
showing the same TMR ratio and that the of TMR film with
L1 -Mn Ir is higher by about 50 C. These results indicate that
L1 -Mn Ir is a great candidate for an AFM layer of magnetic
sensors such as CoFeB/MgO/CoFeB-MTJs with the possibility
of achieving high-density-recording in HDDs.
II. EXPERIMENTAL PROCEDURE
First, MnIr/CoFe bilayers were prepared for the mag-
netic properties measurements. The samples with a structure
of Ta(5)/NiFe or Ru(2)/Mn Ir (10)/Co Fe (2.5)/cap-
ping-layer(5 nm) were deposited in an ultra-high vacuum
sputtering system. A MnIr layer was deposited at the substrate
temperature = room temperature (RT) and the sput-
tering Ar gas pressure mTorr (condition-A) or at
C and – mTorr (condition-B). The
CoFe layer and the capping layer were then deposited on the
MnIr layer after the substrate was cooled to RT. The samples
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were annealed at 250 C–360 C in a vacuum of less than
10 Torr under applied field of 15 kOe for 4 h. The most
remarkable difference between the present bilayers and the
previous reports [4], [5] is the very thin (2 nm) NiFe or Ru un-
derlayer, which is quite important for the practical application
for a HDD read sensor element.
Secondly, the MTJ films with a structure of Ta(5)/
Ru(2)/MnIr(10)/Co Fe (2.5)/Ru(0.8)/CoFeB (3)/MgO(1)/
CoFeB (3)/capping-layer(5 nm) were prepared. The MnIr
layer was deposited with either condition-A or condition-B.
The tunnel barrier layer was formed by RF sputtering from
MgO target. These MTJ films were annealed at 350 C for
4 h. Size from 0.3 to 1.0 m of MTJs were fabricated by a
photolithographic patterning procedure and ion beam etching.
The crystallographic characteristics of the MnIr layer were
determined by X-ray diffraction (XRD) and grazing incident
X-ray diffraction (GID) with a Cu-K radiation source. The
magnetic properties were measured with a vibrating sample
magnetometer. The unidirectional anisotropy constant, ,
was calculated using the equation , where
is the saturation magnetization of the CoFe layer per
unit area. The magnetoresistive properties were estimated at
RT with a four-probe method with dc bias of 25 mV for the
micro-fabricated MTJs.
III. RESULTS AND DISCUSSIONS
Fig. 1(a) shows the change of as a function of the
annealing temperature, . of the MnIr/CoFe bilayers
deposited with condition-A is almost constant of 0.4 erg/cm
(open circles), regardless of . In the contrast, of the
bilayers with condition-B becomes larger with increasing
(closed circles) and reaches a broad peak of about 1.0 erg/cm
at 300 C–360 C. The measuring temperature depen-
dence of are shown in Fig. 1(b) for the both bilayers with
conditions-A and B, after the annealing at C. For
both the bilayers, decreases as the measuring temperature
increases and comes to be zero at the respective . The
observed for the film with condition-B is 50 C higher than
that for the film with condition-A. Fig. 2 shows GID profiles
of the bilayers showing erg/cm (condition-A) and
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Fig. 1. (a) The change of J as a function of the annealing temperature.
(b) Measuring temperature dependence of J of MnIr/CoFe bilayers annealed
at T = 320 C. (open circles: condition-A, closed circles: condition-B).
Fig. 2. GID profiles of MnIr/CoFe bilayers shown J = 0:4 erg/cm
(condirion-A) and 1.0 erg/cm (condition-B).
1.0 erg/cm (condition-B) in Fig. 1(a). From the XRD profile,
we otherwise confirmed that the Mn-Ir layer has fcc(111)
preferred orientation for both the bilayers. The (110) superlat-
tice diffraction peak of the L1 -ordered Mn Ir was observed
around for the bilayer that shows erg/cm ,
while the MnIr remains in disordered) phase for the bilayer
with erg/cm . Therefore, we confirmed that L1
phase is formed in the MnIr layer under the condition-B even
with the very thin (2 nm) underlayer thickness, and that it made
and increase in accordance with the previous report [4].
Secondly, we tried to fabricate the CoFeB/MgO/CoFeB-
MTJs with L1 -Mn Ir as an AFM layer. Two types of MTJ
films with an AFM layer of -MnIr (type-A) and L1 -Mn Ir
Fig. 3. Hysteresis loops of Ta/Ru/-MnIr(type-A) or L1 -Mn Ir(type-B)/
CoFe/Ru/CoFeB/MgO/CoFeB/Ta/Ru films. Inset arrows indicate the direction
of magnetization of CoFe and CoFeB that compose MTJ films. The definition
of H and H are also shown.
Fig. 4. The change of H as a function of measuring temperature. (open cir-
cles: MTJ film of type-A, closed circles: type-B).
(type-B) were prepared. These films were annealed at 350 C in
order to obtain both high TMR ratio [6] and L1 -ordered phase
of MnIr. The hysteresis loops of the type-A and the type-B
films are shown in Fig. 3. The of type-B is significantly
larger than that of type-A. The of the synthetic pinned
layer (MnIr/CoFe/Ru/CoFeB) depends on both the at the
MnIr/CoFe interface and the interlayer exchange coupling
energy in CoFe/Ru/CoFeB via the Ru spacer. In
Fig. 3, the interlayer exchange coupling field , a measure
of , of the type-B film was smaller than that of type-A.
The reason why the of the type-B film became small is not
clear yet, but the interlayer exchange coupling phenomenon is
essentially independent from the exchange anisotropy and thus
the of the type-B film is expected to be improved as large
as that of the type-A film by means of the process optimization,
such as the thickness control of CoFe, Ru and CoFeB layers and
the annealing procedure. We thus say that the of the type-B
film can be enhanced more, when the has been improved.
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Fig. 5. R-H loops of the MTJs of type-A (open circles) and type-B (closed
circles). Inset shows the changes of TMR ratio at the negative applied field.
Fig. 4 indicates the measuring temperature dependence of the
for both the MTJ films in type-A and type-B. The
observed for the type-B film is about 50 C higher than that for
the type-A film. That is to say, the result in MnIr/CoFe bilayers
showing in Fig. 1 was reproduced in the MTJ films.
Finally, R-H loops of the micro-fabricated MTJs of type-A
and type-B are shown in Fig. 5. According to the schematic
illustration of a M-H loop, we know that the change of the TMR
ratio at the negative applied field in R-H loop corresponds to
the in M-H loop. Inset in Fig. 5 magnifies a small change
of TMR ratio at the negative applied field in R-H loops. In the
MTJ of type-A, the change of TMR ratio is clearly observed
around 2 kOe. In the MTJ of type-B, on the other hand, no
significant change is seen at the range of the applied field from
0 to 4 kOe. Therefore, it was confirmed that the successful
enhancement of the exchange bias field was also achieved in
the micro-fabricated MTJs with maintaining high TMR ratio.
IV. CONCLUSION
The formation of L1 -ordered Mn Ir in the CoFeB/MgO/
CoFeB-MTJs and the magnetic properties and the TMR prop-
erties of them were examined. L1 phase was formed by op-
timizing the sputtering conditions of MnIr and annealing con-
ditions. of 1.0 erg/cm and of 350 C were obtained
in L1 -Mn Ir/CoFe bilayers. In MTJs with L1 -Mn Ir as an
AFM layer, and were enhanced by L1 ordered phase.
Consequently, the CoFeB/MgO/CoFeB-MTJs with L1 -Mn Ir
were shown high TMR ratio, large and high , that is,
L1 -Mn Ir is a great candidate for an AFM layer of magnetic
sensor such as CoFeB/MgO/CoFeB-MTJs with the possibility
of achieving high-density-recording in HDDs.
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